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COMPLEMENTOID  AND  THE  RESISTANCE  OF  THE 
MID-PIECE  OF  COMPLEMENT.* 
BY  HENRY  K.  MARKS,  M.D. 
(From the Hospital  of  the Rockefeller Institute for Medical Research, New York.) 
With the discovery that the haptophore and toxophore groups of 
complement might be isolated, these two  fractions have lately been 
subjected to direct analysis as to their thermic resistance, with the 
object  of  obtaining  a  clearer  insight  into  complementoid  action. 
Ferrata, 1 who made the  first  observation,  claimed that  the hapto- 
phore  group  (the  so-called mid-piece)  of  complement, is  thermo- 
stabile, resisting heating at 55 ° C. for one half hour, while the toxo- 
phore  group  (the  so-called  end-piece)  is  non-resistant.  Heeker  2 
and Tsurusaki  8 have been unable to verify Ferrata's results, report- 
ing that both groups are equally thermolabile. 
Since none of these experiments were conducted quantitatively, 
it  seemed advisable to  go  over the  ground again  from this  stand- 
point.  But in spite of the most varied quantitative relationships,  in 
no case were we able to demonstrate thermostability of the isolated 
haptophore group.  Our results, therefore, confirm and amplify the 
finding of both Hecker and Tsurusaki. 
Since the isolated haptophore group has been shown to undergo 
certain changes which do not occur when it  is  not separated  from 
native serum, its behavior in the isolated condition may be regarded, 
in  a  certain  sense,  as  abnormal.  Our  next  point  of  attack  was, 
therefore, to learn whether under more normal conditions its ther- 
mostability might not be demonstrated. 
The method of investigation was simple.  Guinea pig serum was 
inactivated by heating in the water bath at 55 °  C.  for from twenty 
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minutes to one hour, and its inactivity demonstrated by directing it 
against sheep corpuscles  laden with ten immune amboceptor  units. 
To diminishing amounts of such inactive serum, a constant amount 
of guinea pig end-piece was now added, the inactivity of this com- 
plement  fraction  in  itself  having  been  previously  determined  and 
carefully  controlled  in the  experiment proper.  The  results  are  of 
considerable  interest  since  they  demonstrate  for  the  first  time  by 
direct  experiment  that  the  haptophore  group  of  complement  is 
thermostabile. 
The sera examined may be divided into two groups according to 
their thermoresistance.  One group was not completely  inactivated 
after heating for twenty minutes, while the other group was inacti- 
vated.  After  heating  for  thirty  minutes,  however,  both  groups 
showed inactivity•  These variations in thermic resistance are men- 
tioned because  of  the difference  in effect  of more  prolonged heat- 
ing on haptophore activity.  In the first instance,  for example, pro- 
longed  heating  was  found  to  have  considerably  less  destructive 
action than in the second, though in both instances the heated com- 
plement showed no activity  after heating for thirty  minutes.  The 
following tables make this clear. 
TABLE  I. 
Guinea  Pig  Serum  Still  Active  after  20  Minutes  Heating;  Inactive  after  30 
Minutes Heating at 55  °  C. 
In the following experiments 5 per cent.  of sheep  corpuscles and  ten immune 
amboceptor units were  used.  I,  II, III,  and IV indicate  hemolysis with guinea 
pig serum heated at 55  °  C. for 3o, 40, 5o, and 6o minutes respectively.  Incubation 
time,  one  hour in  water  bath  a$ 37  °  C.  The  maximum  hemolytic  activity  was 
reached at the end of a half hour. 
Guinea  Heated 
pig end-  guinea pi~ 
piece,  serum. 
--  .5  c.c• 
--  .3  C.C. 
--  •2  C•C. 
• I  C.C. 
• I  C•C.  .5.  C.C. 
• I  C.C.  .3  C.C• 
.I  C.C.  .2  C.C• 
.I  C.C•  .I  C.C. 
.I  e•c.  .o8 c.c. 
• I  c.c.  .o6  c.c. 
• I  c.c.  .o  4  C.C. 
• I  C.C,  .02  C.C. 
.I  C.C.  .OI  C.C. 
:  I 
.  o 
0 
0 
0 
Complete 
c~ 
Almost  complete 
Trace 
Hemolysis. 
O 
0 
0 
0 
Complete 
~6 
C~ 
Little 
Slight  trace 
III 
0 
0 
0 
0 
Slight  trace 
Trace 
Moderate 
Little 
Very  little 
o 
o 
o 
IV 
0 
0 
0 
0 
0 
0 
0 
Slight trace 
O 
O 
O 
O 
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TABLE  II. 
Guinea Pig Serum  Inactive  after 20 Minutes Heating  at 55  °  C. 
The same method was used as in Table I.  I, II, 1II, and IV indicate hemolysis 
with serum heated for 20, 30, 40, and 6o minutes respectively. 
Guinea 
pig  end- 
piece. 
• I  C.C. 
• I  C.C. 
"I  C.C. 
I  C.C. 
IC.C. 
IC.C. 
I  C.C. 
IC.C. 
IC.C. 
IC-C. 
Heated 
ainea pi  1 
serum. 
•  5  C.C. 
•  3  c.c. 
.2  C.C. 
.~  CoCo 
•  3  c.c. 
.2  C.C. 
,I  C.C. 
.o8  c.c. 
.o6 c.c. 
.o  4  c.c. 
.02  C.C. 
,0I  C,C, 
Hemol  ,sis. 
I  II  III  IV 
o 
o 
o 
o 
Complete 
Almost complete 
Very strong 
Strong 
Little 
Trace 
o 
o 
o 
o 
Complete 
Almost complete 
Strong 
Little 
Very little 
Slight trace 
o 
o 
o 
o 
Little 
Moderate 
Little 
Trace 
Slight trace 
o 
o 
It is interesting to note that while 0.5  cubic centimeter of heated 
guinea pig serum gives no trace of hemolysis, as little as o.o4 cubic 
centimeter of this same serum on the addition of end-piece  (toxo- 
phore  group)  inactive  in  itself,  leads  to  complete  hemolysis.  It 
will  be  further  seen  (table  I)  that  even  after  heating  for  forty 
minutes at  55 °  C. there may be no diminution in haptophore  com- 
pleting  action.  In  most  cases,  however,  the  decrease  after  fifty 
minutes was marked, while after sixty minutes the completing action 
was practically nil. 
We have also examined one guinea pig complement inactive after 
standing  for  seventeen  days  at  room  temperature.  This  serum, 
though  devoid  of  hemolytic activity  even  in  the  presence  of  ten 
amboceptor units,  likewise  showed  a  strong  completing  action on 
the addition of guinea pig end-piece, the addition of o.o3 cubic centi- 
meter of inactive serum still sufficing to produce complete hemolysis. 
The  results  given  above  may  be  criticised  on  the  ground  that 
although  hemolysis occurs  in  the  combination  inactivated  comple- 
ment +  end-piece, it has not been shown that this completing action 
is  due to  a  thermoresistant mid-piece.  To  settle this  point,  there- 
fore, the globulin  fraction,  which,  as  is  known, contains  the mid- 
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and against this the end-piece was directed.  The globulin precipitates 
were  obtained by  the hydrochloric  acid and  carbon dioxid methods 
and were  carefully  washed with distilled  water to  free them as  far 
as possible  from  all  traces  of  serum.  To  diminishing  amounts  of 
such mid-piece,  a constant amount of end-piece  was now added, ten 
amboceptor  units  and  5  per  cent.  sheep  corpuscles  being  used  as 
above. 
The  results  (table III)  show that such a  mid-piece  isolated  from 
inactivated  serum may  exert  a  completing  action  as  great  or  even 
greater  than the  completing  action  of whole  inactivated  serum.  A 
closer  study  of  the  relative  completing  strength  of  whole  inactive 
serum and  the globulin  fractions  of unheated  and  heated  serum  is 
now being made. 
TABLE  III. 
Guinea Pig Serum Heated for 40 Minutes at 55 ° C.  Globulin  Fraction  Obtained 
by N/25o Hydrochloric Acid.  Incubation Time in  Water Bath  One Hour. 
Mid-piece from  Guinea pig 
Guinea pig  Heated guinea  Hemolysis.  Hemolysis.  heated guinea  end piece. 
end-piece,  pig serum,  pig serum. 
,I  C.C. 
• I  C.C. 
.I C.C. 
.I  C.C. 
.I  C.C. 
.I  C.C. 
.I  C.C. 
.I  C.C. 
.I  C.C. 
.I  C.C. 
m 
I.O  C.C. 
I.O  C.C. 
• 5  C.C. 
.2  5  C.C. 
.I  C.C. 
.o8 c.c. 
.o6 c.e. 
.o  4 c.c. 
.02 C.C. 
.OI  C.C. 
O 
O 
Complete 
~c 
c~ 
¢c 
Almost complete 
Very strong 
Strong 
Little 
Trace 
0  m 
0  I.O  C.C. 
Complete  x.o  c.c. 
~  .~  C.C. 
Alm'c'st" complete  "'25.o8"I  c.c.C'c'C'C" 
St"ngro  "  .06 c.c.  •  o4 c.c. 
Little  .o2 c.c. 
Trace  .or c.c. 
.I  C,C. 
•  ! C.C. 
.I  C.C. 
.I C.C. 
.I  C.C. 
.I C.C. 
.I  C.C. 
.I  C.C. 
.I  C,C. 
.I  C.C. 
A  discussion of the mechanism  of these phenomena must be left 
for a  future communication.  The  activation  of  complementoid  by 
a toxophore group is hard to understand on the Ehrlich  hypothesis, 
since  it is assumed  that  in complementoid  the  haptophore  group is 
still possessed by an inert toxophore group.  To explain this matter 
it  would have  to be assumed that  the  inert  toxophore  group is  set 
free and that the  fresh  end-piece,  on account of its greater  avidity, 
then seizes upon the haptophore group.  Whether  the two portions 
of  the  complement  exist  combined  or  dissociated  in  native  serum, 
must still be  left  open to investigation,  since  we  have  been  able  to 594:  Complementoid and Resistance of Mid-Piece of Complement. 
show in connection with the above work, that in the system, sheep 
corpuscles -t- sheep-rabbit amboceptor -}- active sheep serum -}- guinea 
pig end-piece, hemolysis may occur.  Whether this signifies that the 
complement of the sheep serum becomes dissociated in the presence 
of  sensitized  corpuscles or  whether its  haptophore and toxophore 
groups exist side by side, can not be stated at present. 